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PROBLEM TO BE SOLVED: To enhance 
degree of distortion improvement in a Cartesian 
feedback circuit that reduces the distortion in a 
radio transmitter. 

SOLUTION: A local in-phase demodulation 
signal 14 and a local quadrature demodulation 
signal Q4 obtained by applying locally 
demodulating to branched part of a transmission 
output are subtracted from an in-phase signal 12 
and a quadrature signal Q2 respectively to 
calculate an in-phase error signal 13 and a 
quadrature error signal Q3. The in-phase error 
signal 13 and the quadrature error signal Q3 are 
converted into digital signals, given to a 
correction signal generating circuit 12, which 
generates a correction signal. The correction 
signal are converted into analog signals and 
added to the in-phase error signal 13 and the 
quadrature error signal Q3 at adders 3, 4 



respectively to enhance a degree of distortion improvement. While keeping a distortion 
improvement effect, the bandwidth capable of distortion improvement is extended and 
distortion due to a characteristic change or the like resulting from a noise, a temperature 
and a power supply voltage change of a transmitter can be enhanced. 



NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the linearity compensating 
circuit which has improved the distortion compensation in the KATE cyanogen feedback 
circuit which reduces the distortion in a radio transmitter about a linearity compensating 
circuit. 

[0002] 

[Description of the Prior Art] In the transmitter for sending out a line-type-modulation 
signal, when the linearity is bad, it not only worsens modulation precision, but it 
generates superfluous spurious radiation out of band, and there is a danger of doing active 
jamming to an adjacent channel. For this reason, it is necessary to secure linearity in all 
the operating range of a transmitter. Conventionally, one of the approaches which 
improves the linearity of a transmitter has the so-called KATE cyanogen feedback. This 
carries out the local recovery of a part of output of a transmitter, makes it rectangular 
baseband signaling, and applies negative feedback to modulation baseband signaling. 

[0003] Drawing 4 is the outline block diagram showing an example of the KATE 
cyanogen feedback circuit which is the conventional linearity compensation method. In 
the conventional example shown in drawing 4 , the local inphase recovery signal 14 by 
which the local rectangular cross recovery was carried out is subtracted, and a common 
mode input II serves as the common mode error signal 13. The loca l rectangular cross 
r ecovery signal Q4 by w hich the loc al rectangular cross r ecovery was carried out is 
subtracted, and the rectangular input Ql serves as the rectangular error signal Q3. After 
the common mode error signal 13 and the rectangular error signal Q3 are inputted and 
band-limited to a loop filter 5 and a loop filter 6, respectively, the rectangular recovery of 
them is carried out with the quadrature modulation vessel 7. The signal by which 
quadrature modulation was carried out is outputted after being amplified with the high- 
frequency an^lifier 8. A part of output branches, with the rectangular demodulator 9, a 
local rectangular cross recovery is carried out and it is outputted as the local inphase 
recovery signal 14 and a loc al rectangular cross recove r y signal Q4 Thus , KATE 
cyanogen feedback is performing linearity compensation of the high-frequency amplifier 
by applying feedback in a baseband band. 



[0004] The principle of a KATE cyanogen feedback circuit is shown in drawing 5 . It is 



inputted into a subtracter, a return signal Vmon is subtracted, and an input signal Vin 
turns into an error signal Verr. An error signal Verr is amplified with the amplifier of 
gain GL The distortion component Vd of amplifier is added to an amplifier output, and it 
is set to Vout. It is inputted into an attenuator, a return signal Vmon is generated, and 
Vout is subtracted from Input Vin. An error signal Verr serves as Verr=Vin-Vmon=Vin- 
G2xVout. Since an output Vout is Vout=VerrxGl+Vd, if an upper type is solved about 
Vout, it will become VouKGlxVin)/(KGlxG2)-Vd/(l+GlxG2). As mentioned above, 
the distortion component is improved l-/(l+GlxG2) twice as compared with amendment 
before. 

[0005] Drawing 1 1 is drawing showing the phase characteristic of the circuit which 
shows the principle of the KATE cyanogen feedback circuit shown in drawing 5 . In 
order for a KATE cyanogen feedback circui t not to oscillate , a loop gain must be below 0 
[dB] on the frequency from which a loop-formation phase is set to -180 [deg]. For this 
reason, when a loop gain is GH, the band where linearity compensation is performed 
becomes to 0-fH, and when a loop gain is GL, the band where linearity compensation is 
performed becomes to 0-fL. Thus, if a loop gain is raised when using KATE cyanogen 
feedback, the bandwidth in which a distortion improvement is made will become small. 
Since a distortion improvement factor is proportional to a loop gain, when a distortion 
improvement factor is raised, the bandwidth in which a distortion improvement is made 
will become small. 

[0006] Next, the PURIDISU torsion method which is one of the linearity compensation 
methods is explained. First, distortion of th e high-frequency amplifier is explained and by 
applying an input signal for amendment beforehand describes how to remove distortion 
of the high-frequency amplifier. The input-output behavioral characteristics of the high- 
frequency amplifier are shown in drawing 6 . Pout expresses the high-frequency - 
amplifier output in case the input power of the high-frequency amplifier is Pin. The 
output phase theta 0 expresses the high-frequency-amplifier output phase in case input 
power is Pin. An output phase when Input Pin is small enough is set to theta 0. At this 
time, dtheta (Pin) expresses the difference from theta 0 of an output phase. 

[0007] The graph of a high- frequency-amplifier I/O reverse property is shown in drawing 
7 . This graph is a thing showing the inverse function of the input-output behavioral 
characteristics of the high-frequency amplifier , and the axis of ordinate and the axis of 
abscissa are reverse. Pin (Pout) expresses the input power Pin required in order to obtain 
the output of the power of Pout. If Pin (Pout) is inputted into the high-frequency 
amplifier, output power will serve as Pout from the above definition. It will be set to 
Pout(Pin (x)) =x if this is expressed with a formula. 

[0008] The graph of a high-frequency-amplifier distortion amendment property is shown 
in drawing 8 . This graph breaks the axis of abscissa Pout of the graph of a high- 
frequency-amplifier I/O reverse property by the gain Gpa at the time of small power, and 
converts it into input power. PinPrd (Pin) expresses the input power after amendment 
required since a high-frequency-amplifier output turns into the same output as the time of 
linearity actuation, when input power is Pin. 



[0009] PinPrd(Pin) =Pin (PinxGpa) 

Since it is, when it comes out, and the input power after amendment is applied to the 

high-frequency amplifier, output power is Pout (PinPrd (Pin)). 

= Pout (Pin (PinxGpa)) 

= PinxGpa (**Pout(Pin (x)) =x) 

The same output power as the case where a next door and the high-frequency amplifier 
are carrying out linearity actuation is obtained. 

[0010] From the above relation, the approach of amendment of distortion amendment of 
the amplitude and the approach of amendment of a phase are divided and explained. 
PinPrd is expressed with the gain correction value Gprd, and is set to Gprd(x) =PinPrd(x) 
/ x. When Gprd(Pin) xPin is inputted into the high-frequency amplifier at this time, an 
output is Pout (Gprd(Pin) xPin). 
= Pout (PinPrd(Pin)/PinxPin) 
=Pout(PinPrd(Pin)) 

= If it becomes PinxGpa and the input amplitude is Gprd (Pin) doubled, with a high- 
frequency-amplifier output, the output power at the time of linearity actuation will be 
obtained. 

[001 1] At this time, as for the phase of a high-frequency-amplifier output, a phase rotates 
only dtheta (PinPrd). It is an input phase in order to amend this. - Only dtheta (PinPrd) 
should make it rotate. When the above actuation is expressed with the actuation to I and a 
Q signal, amplitude amendment is = (I') (I) (Gprd(Pin) 0 ). 
(Q') ( 0 Gprd(Pin))(Q) 

It becomes. Phase correction (V) = (cos (-dtheta)-sin (-dtheta)) (I) 
(Q f ) (sin(-dtheta) cos (-dtheta)) (Q) 
It becomes. 

[0012] If the above actuation is summarized (I 1 ) = (Gprdxcos (- dtheta)-Gprdxsin (- 
dtheta)) (I) 

(Q') (Gprdxsin(-dtheta) Gprdxcos (-dtheta)) (Q) 
- (1) 

It becomes. 

[0013] Distortion of the high-frequency amplifier is removable by amending a common 
mode input II and the rectangular input Ql according to a formula (1). 

[0014] An example of an amendment circuit is shown in drawing 10 . A common mode 
input II and the rectangular input Ql are inputted into a multiplier 19 and a multiplier 20, 
respectively, and a square is carried out to them. It is inputted into an adder 21 and 
IlxIl+QlxQl is outputted by the result by which the square was carried out. An 
amendment table outputs Gprdxcos (-dtheta) and Gprdxsin (-dtheta) according to 
IlxIl+QlxQl which is the square of the input amplitude. 

[0015] Gprdxcos (- dtheta) which is the amendment expression force is inputted into a 
multiplier 15 and a multiplier 18, and is multiplied by the common mode input II and the 



rectangular input Ql, Gprdxcos(- dtheta) xll is outputted from a multiplier 15, and 
Gprdxcos(- dtheta) xQl is outputted from a multiplier 18. Gprdxsin (- dtheta) which is 
the amendment expression force is inputted into a multiplier 16 and a multiplier 17, and 
is multiplied by the common mode input II and the rectangular input Ql, Gprdxsin(- 
dtheta) xQl is outputted from a multiplier 16, and Gprdxsin(- dtheta) xll is outputted 
from a multiplier 17. 

[0016] The output of a multiplier 15 and the output of a multiplier 16 are inputted into an 
adder 23, and Gprdxcosf- dtheta) x Il-Gprdxsin(- dtheta) xQl is outputted from an adder 

23. The output of a multiplier 17 and the output of a multiplier 18 are inputted into an 
adder 24, and Gprdxsin(- dtheta) xIl+Gprdxcos(- dtheta) xQl is outputted from an adder 

24. Actuation which followed the formula (1) by the above actuation is performed. An 
output equal to the c ase w herethehigh- frequ ency-amplifier output is carrying out 
linearity actua tion comes tobe ob tamed by amending an input signal using this 
amendment table. 

[0017] Drawing 9 is the outline block diagram showing an example of the PURIDISU 
torsion circuit which is the conventional linearity compensation method. A common 
mode input II and the rectangular input Ql are put in injh e amendment circuit ^, they are 
amended so that distortion of the high-frequency amplifier 8 may be negated, and they 
are outputted as the inphase signal 12 and a rectangular signal Q2. The inphase signal 12 
and the rectangular signal Q2 are inputted into the quadrature modulation machine 5, and 
a quadrature modulation machine output is inputted into the high-frequency amplifier 8, 
and is outputted after magnification. 

[0018] 

[Problem(s) to be Solved by the Invention] However, in the above conventional KATE 
cyanogen feedback methods, when the distortion improvement factor was raised, there 
was a problem that the bandwidth in which a distortion improvement is possible will 
become narrow. 

[0019] Moreover, in a PURIDISU torsion method, there was a problem that the 
improvement of distortion by the property change by the noise of a transmitter, and 
temperature and supply voltage change etc. could not be made. 

[0020] This invention aims at offering the linearity compensating network which can also 
make the improvement of distortion by the property change by the noise of a transmitter, 
and temperature and supply voltage change etc. while it extends the bandwidth in which a 
distortion improvement is possible, solving the above-mentioned problem and 
maintaining a distortion improvement effect. 

[0021] 

[Means for Solving the Problem] The subtractor circuit 1 and subtractor circuit 2 which 
compute the common mode error signal 13 and the rectangular error signal Q3 by 
subtracting the local inphase recovery signal 14 and the local rectangular cross recovery 
signal Q4 by which the local recovery was carried out from the inphase signal 12 and the 



rectangular signal Q2 in this invention, respectively in order to solve the above- 
mentioned technical problem, The adder circuit 3 which adds the common mode error 
signal 13 to the output of the digital-to-analog conversion circuit 13, The adder circuit 4 
which adds the rectangular error signal Q3 to the output of the digital-to-analog 
conversion circuit 14, The loop filter 5 and loop filter 6 which band- limit the output of an 
adder circuit 3 and an adder circuit 4, The quadrature modulation machine 7 which 
carries out_£uadrature mo dulation of the output of a loop filter 5 and a loop filter 6 by the 
subcarrier, TheTugh- frequency amplifier 8 which amplifies the signal by which 
q uadrature modulation was carried out , While considering the amplified signal as a 
transmitting output, it restores to a part using the subcarrier by w hich phase adjustment 
was carried out by branching to the local inphase recover y signal 14 arid the local 
r ectangular cross recovery sig nal 04 . The linearity compensating network of the KATE 
cyanogen feedback circuit which possesses th e rectangular demodulator 9 outputted to a 
sub tractor circuit, and amends distortion by the rectangular coordinates of baseband The 
analog-to-digital-conversion circuit 10 and the analog-to-digital-conversion circuit 1 1 
which change into a digital signal the common mode error signal 13 and the rectangular 
error signal Q3 which were outputted from the subtractor circuit, It considered as the 
configuration equipped with the a mendment signal generation circuit 12 which inputs the 
output of the analog-to-digital-conversion circuit 10 and the analog-to-digital-conversion 
circuit 11, generates an amendment signal and is inputted into the digital-to-analog 
conversion circuit 13 and the digital-to-ahalog conversion circuit 14. 

[0022] Thus, the bandwidth in which a distortion improvement is possible can be 
extended, becoming possible to lower a loop gain by having constituted, and maintaining 
a distortion improvement effect. Moreover, when distortion improvement bandwidth and 
a loop gain are set constant, in addition to the distortion improvement for a loop gain, a 
distortion improvement factor improves by adding a distortion amendment signal. 
Furthermore, by the conventional PURJDISU torsion method, the improvement of 
distortion by the property change by the impossible noise of a transmitter, and 
temperature and supply voltage change etc. can also be performed. 

[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail, referring to a drawing. 

[0024] (Gestalt of the 1st operation) The gestalt of operation of the 1st of this invention 
The local inphase recovery signal and local rectangular cross recovery signal which 
branched and carried out the local recovery of a part of transmitting output A common 
mode error s ignal and a rectangular error sign al are compute d by subtracti ng from the 
inphase signal and the rectangular signal which are an input signal, respectively. It is the 
linearity compensating network of the KATE cyanogen feedback circuit which carries 
out digital conversion, generates and carries out analogue conversion of the amendment 
signal, adds a common mode error signal and a rectangular error si gnal, and amends 
distortion by the rectangular coordinates of baseband. 



[0025] Drawing 1 is the block diagram showing the configuration of the linearity 



compensating circuit in the gestalt of operation of the 1st of this invention. With the 
gestalt of this operation, one side is called an inphase signal among the signal channels of 
the quadrature modulation walkie-talkie which has two channels, and another side is 
called a rectangular signal. In drawing 1 , a subtracter circuit 1 is a circuit which subtracts 
the local inphase recovery signal 14 from the inphase signal 12, and outputs the common 
mode error signal 13. A subtractor circuit 2 is a circuit which subtracts the local 
rectangular cross recovery signal Q4 from the rectangular signal Q2, and outputs the 
rectangular error signal Q3. A loop filter 5 is a filter which restricts the band of the 
common mode error signal 13. A loop filter 6 is a filter which restricts the band of the 
rectangular error signal Q3. The quadrature mo dulation machine 7 is a modulator which 
carries out quadrature modulation of the loop filter output. The high-frequency amplifier 
8 is amplifier which amplifies the output signal of a quadrature modulation machine. The 
rectangular demodulator 9 is a demodulator which resto res to the signal which branched 
in a part of high -frequency-amplifier outp ut, and outputs the local inphase recovery 
signal 14 and the local rectangular cross recovery signal Q4. The analog-to-digital- 
conversion circuit 10 is a circuit which changes the common mode error signal 13 into a 
digital signal. The analog-to-digital-conversion circuit 1 1 is a circuit which changes the 
rectangular error signal Q3 into a digital signal. The amendment signal generation circuit 
12 is a circuit which calculates the amendment signal which followed distortion of the 
high-frequency amplifier from the common mode error signal 13 by which digital 
conversion was carried out, and the rectangular error signal Q3. The digital-to-analog 
conversion circuits 13 and 14 are circuits which change an amendment signal generation 
circuit output into an analog signal. The amendment signal generation circuit output 
changed into the analog signal is added to the common mode error signal 13 and the 
rectangular error signal Q3, it comes out, and adder circuits 3 and 4 are a certain circuits. 

[0026] Drawing 2 is the block diagram showing the configuration of an amendment 
signal generation circuit. In drawing 2 , the multiplication circuit 19 is a circuit which 
calculates the square of a common mode input II. The multiplication circuit 20 is a 
circuit which calculates the square of the rectangular input Ql. An adder circuit 21 is a 
circuit which calculates the sum of the output of the multiplication circuit 19, and the 
output of the multiplication circuit 20. The amendment signal generation table 22 is a 
table which outputs Gprdxcos (- dtheta) -1 and Gprdxsin (- dtheta) according to 
IlxIl+QlxQl which is the square of the amplitude of II and Ql which is the output of an 
adder circuit 21 . The multiplication circuits 15, 16, 17, and 18 are circuits which calculate 
the product of the amendment signal generation expression force, a common mode input 
II, and the rectangular input Ql. Adder circuits 23 and 24 are circuits which calculate the 
sum of each output of the multiplication circuits 15 and 16, and each output of the 
multiplication circuits 17 and 18, respectively. 

[0027] The principle of this invention is explained using drawing 3 . Noise voltage of Vd 
and amplifier is set to Vn, and distortion correction voltage is set [ the input voltage of 
amplifier / the output voltage of Vin2 and amplifier ] to Vprd for Vout2 and the distortion 
electrical potential difference of amplifier. Since Vprd is based on the result of having 
measured the property of amplifier beforehand, it cannot amend distortion by change of 
the property by fluctuation of temperature, time amount, and supply voltage, the noise of 



amplifier, etc. For this reason, distortion by the noise of the property fluctuation by 
temperature, time amount, and supply voltage and amplifier etc. is carried out to 
including in Vn. 

[0028] First, the case where noise voltage Vn is 0 is investigated. It is Vout2=Vout2 
(Vin2) about the input-output behavioral characteristics of amplifier. 
If it carries out, it will be set to Vout2(Vin2) =GlxVin2+Vd, using gain of amplifier as 
Gl. Since this is Vin2=Verr+Vprd when it is expressed with the value Verr before 
distortion amendment, it serves as Vout(Verr+Vprd) =GlxVin2+Vd. Vprd is the 
correction voltage for making it the same output as the case where amplifier carries out 
linearity actuation come out, and an amplifier output becomes gain Gl time to Verr. It is 
as follows when expressed with a formula. 

It will be set to Vin-GlxVerrxG2=VerrVout=GlxVerr, if it can come Vout(Verr+Vprd) 
=GlxVerr and asks for the equation of a loop formation more. If this is solved, it will 
become Vout=Gl/(l+GlxG2) Vin. Thus, when there is no noise voltage Vn, the 
distortion voltage component Vd can be compensated completely. 

[0029] Next, the case where noise voltage Vn is not 0 is investigated. Since noise voltage 
Vn is fully small compared with a signal component, an amendment signal generation 
circuit and the small signal equivalent circuit of amplifier are used, the following — **** 

— a noise — Vn — = — zero - a case — a signal - Verr — Vprd — Vin - two - Vout - two 

- Vout - a noise - Vn - != - zero - a case - a signal - Verr - 1 - Vprd - 1 - Vin - 
two - ' — Vout - two - 1 - Vout -- ' — expressing . Moreover, a changed part of each 
signal is expressed with **Verr, **Vprd, **Vin2, **Vout2, and **Vout. the relation of 
each variable - Verr , =Verr+**VerrVprd - '=Vprd+**VprdVin2' - =Vin2 - it is 
+**Vin2Vout2'=Vout2+**Vout2Vout ? =Vout+**Vout. 

[0030] Small signal input-output behavioral characteristics of an amendment signal 
generation circuit Vprd 1 =Vprd (Verr') 
= Vprd(Verr+**Verr) 

= It is set to Vprd(Verr)+(**Vprd)/(**Verr) -**Verr. Therefore, it is set to 

**Vprd=(**Vprd)/(**Verr) -**Verr. 

[0031] Since it is Vin2=Vprd+Verr, it is set to 

**Vin2=**Vprd+**Verr=(**Vprd)/(**Verr), **Verr+**Verr= (**Vprd) (/(**Verr)+l), 
and **Verr. Input-output behavioral characteristics of amplifier Vout2' =Vout2 (Vin2 f ) 
= Vout2(Vin2+**Vin2) 

= Vout2(Vin2)+(**Vout2)/(**Vin2) and **Vin2 Since it is **Vout2(Vin2)+Gl and 
**Vin2, they are **Vout2=Gl and **Vin2. = Gl -(**Vprd) (/(**Verr)+l)- It is set to 
**Verr. 

[0032] Since it is Vout=Vout2+Vd+Vn, it is **Vout. =**Vout2+Vn = Gl -(**Vprd) 
(/(**Verr)+l)- It becomes **Verr+Vn. Here, change of the distortion signal Vd by noise 
voltage Vn is fully small, and is assumed to be fixed. 

[0033] Since it is Verr=Vin-G2 and Vout, it is set to **Verr=-G2 and **Vout. It depends 
Vout=-Gl, G2 (**Vprd) (/(**Verr)+l), and **Verr+Vn, and is set to **Vout=l/(Gl, G2 
(/(**Verr)+l) (**Vprd)) and Vn from this. Since Vprd is an amendment signal, it is 



small, and since it is (**Vprd)/(**Verr) **0, it serves as **Vout**l/(Gl, G2) and Vn. As 
mentioned above, a noise component becomes the 1-/(G1, G2) twice which is an about 1- 
/loop gain. 

[0034] Distortion produced since PURIDISU torsion is imperfect can be included in Vn, 
and as shown in the top, by this method, it can be improved by the loop gain. For this 
reason, by this method, it becomes the sum of the improvement effect by PURIDISU 
torsion, and the improvement effect by KATE cyanogen feedback to distortion of an 
amplifier. 

[0035] Thus, about a distortion component, it becomes the sum of the distortion 
improvement effect by PURIDISU torsion, and the distortion improvement effect by 
KATE cyanogen feedback, and, as for the distortion by fluctuation of a noise, supply 
voltage, and temperature, only the loop gain of KATE cyanogen feedback is improved. 

[0036] Next, actuation of the linearity compensating network in the gestalt of operation 
of the 1st of this invention is explamed using drawing 1 . The common mode error signal 
I3jand the rectangular error signal(Q3/are changed into a digital signal by the digital-to- 
analog conversion circuit 10 and thBaigital-to-analog conversion circuit 11. This signal is 
inputted into the amendment signal generation circuit 12. If an amendment signal 
generation circuit makes I, Q, and an output I' and Q' for an input (I 1 ) = (Gprdxcos(- 
dtheta)-l -Gprdxsin(- dtheta) ) (I) (Q') (Gprdxsin(- dtheta) Gprdxcos -1 (- dtheta)) (Q) is 
calculated. Therefore, an amendment signal generation circuit output s I'=(Gprdxcos -1 (- 
dtheta)) xI3-Gprdxsin(- dtheta) xQ3Q'=Gprdxsin(- dtheta) xI3+(Gprdxcos -1 (- dtheta)) 
xQ3. This output is inputted into the digital-to-analog conversion circuit 13 and the 
digital-to-analog conversion circuit 14, serves as an analog signal and is inputted into an 
adder circuit 3 and an adder circuit 4. Since" an adder circuit 3 adds 13 and T, the output of 
an adder circuit 3 is set to Gprdxcos(-dtheta) xB-Gprdxsin(-dtheta) xQ3. 

[0037] Since an adder circuit 4 ad ds Q3 an d Q\ the output of an adder circuit 4 is set to 
Gprdxsin(-dtheta) xI3+Gprdxcbs(^dtheta) xQ"3. Therefore, adder-circuit 3 and adder- 
c ircuit 4 output b ecomes e qual to the signal which perform ed "distortion compensation by 
the PURIDISU torsion method. 

[0038] The output of an adder circuit 3 and an adder circuit 4 is inputted and band-limited 
to a loop filter 5 and a loop filter 6. The output is inputted into the quadrature modulation 
machine 7, quadrature modulation is carried out, and a loop filter 5 and a loop filter 6 are 
outputted. Quadrature modulation machine 7 output is inputted into the high-frequency 
amplifie r 8, and is outputted after magnificatio n. It branches, and it is inputted into the 
rectangular demodu lator 9, a rectangular recovery is carried out, and a part of output is 
outputted as the local inphase recove ry signal 14, a nd a local rectangular cross recovery 
signal Q4. The local inphase recovery signal 14 and the local rectangular cross recovery 
signal Q4 are inputted into a subtractor circuit 1 and a subtractor circuit 2, are subtracted 
with the inphase signal 12 and the rectangular signal Q2, and output the common mode 



error signal 13 and the rectangular error signal Q3. KATE cyanogen feedback is 
constituted as mentioned above. 

[0039] as mentioned above, with the gestalt of operation of the 1st of this invention The 
local inphase recovery signal and local rectangular cross recovery signal which branched 
in a part of transmitting output, and carried out the local recovery of the linearity 

compensating network of a KATE cyanogen feedback circuit A comm(m.mode^rror_^ 

signal and a rectangular error signa l are computed by subtracting from t he inphase signa l* 
and the rectangular signal which are an input signal, respectively. Since digital 
conversion was carried out, analogue conversion of the amendment signal was generated 
and carried out and it considered as the configuration which adds a common mode error 
signal and a rectangular error sign al, and amends distortion by the rectangular 
coordinates of baseband By the conventional PURIDISU torsion method, distortion by 
change of the property by fluctuation of impossible temperature and time amount, and 
supply voltage, the noise of amplifier, etc. can be amended. Furthermore, since distorted 
amendment is performed by PURIDISU torsion, even if it makes a loop gain low, an 
equivalent distorted improvement effect is acquired. For this reason, the increase of the 
phase margin of a loop formation and a frequency band improvable distorted are made 
large, and the thing of them can be carried out. 

[0040] (Gestalt of the 2nd operation) The gestalt of operation of the 2nd of this invention 
Carry out analogue conversion of the common mode input and the rectangular input 
which are an input signal, and an inphase signal and a rectangular signal are generated. 
While computing a common mode error signal and a rectangular error signal by 
subtracting the local inphase recovery signal a nd local rectangular cros s recovery signal 
which carried out the local recovery of a part of transmitting output from an inphase 
signal and a rectangular signal, respectively It is the linearity compensating network of 
the KATE cyanogen feedback circuit which amends distortion by the rectangular 
coordinates of the baseband which generates an amendment signal according to a 
common mode input and a rectangular input, changes into an analog signal, and adds a 
common mode error signal and a rectangular error signal, respectively. 

["004 1 (( Drawing X 2^ the block diagram showing the configuration of the linearity 
compensatmg^Scmt in the gestalt of operation of the 2nd of this invention. In drawing 
12 R> 2, thedigital-to-analog conversion circuits 25 and 26 are circuits which change a 
common mode input II and th gjectangular input Q l into an analog signal, respectively. 
The points that the gestalt of the 2nd operation differs from the gestalt of the 1st 
operation are that the input of the amendment signal gener ation circuit 12 turned into a 
common mode input II and the rectangular input Ql, and the digital-to-analog 
conversion circuit 10 and the digital-to-analog conversion circuit 1 1 were omitted, and 
that the input of the amendment signal generation circuit 12 turned into a common mode 
input II and the rectangular input Q2. 

[0042] Actuation of the linearity compensating network in the gestalt of operation of the 
2nd of this invention constituted as mentioned above is explained. The common mode 
error signal 13 and the rectangular error signal Q3 are 13— (I1)/(GL+1), when a loop gain 



is set to GL. 
Q3=-(Q1)/(GL+1) 

It comes out. If the amendment signal generation table 22 j n the amendment signal 
g eneration circuit 12 is expressed with II and Ql according to the above-mentioned 
relation, the same value will be outputted from the amendment signal generation circuit 
12 at the time of the same inp ut. It is possible for this to operate like the gestalt of the 1st 
operation. 

[0043] as mentioned above, with the gestalt of operation of the 2nd of this invention 
Carry out analogue conversion of the common mode input and the rectangular input 
which are an input signal about the linearity compensating network of a KATE cyanogen 
feedback circuit, and an inphase signal and a rectangular signal are generated. While 
computing a common mode error sig nal and a rectangular error signa l by subtracting the 
loca l inphase recover y signal and local rectangular cross recovery signal which carried 
out the local recovery of a part of transmitting output from an inphase signal and a 
rectangular signal, respectively An amendment signal is generated according to a 
common mode input and a rectangular input, and it changes into an analog signal, and 
since it considered as the configuration which amends distortion by the rectangular 
coordinates of the baseband which adds a common mode error signal and a rectangular 
error signal, respectively, the increase of the phase margin of a loop formation and a 
frequency band improvable distorted are made large, and the thing of them can be carried 
out. 

[0044] (Gestalt of the 3rd operation) The gestalt of operation of the 3rd of this invention 
According to a common mode input and a rectangular inp ut, amend and carry out 
analogue conversion of the signal, and it considers as a n inphase signal and a rectangu lar 
signal. A common mode error sig nal and a rectangular error signal ars computed by 
carrying out the local recovery of a part of transmitting output, and subtracting a local 
inphase recovery s ignal an d alocal rectangul arcross recovery signal from an inphase 
g igpal and a rectangular signa l, respectively. It is the route form compensating network of 
the KATE cyanogen feedback time which amends distortion by the rectangular 
coordinates of baseband. 

[0045] Drawing 13 is the block diagram showing the configuration of the linearity 
compensating circuit in the gestalt of operation of the 3rd of this invention. The point that 
the gestalt of the 3rd operation differs from the gestalt of the 1st operation the analog-to- 
digital-conversion circuit 10, the analog-to-digital-conversion circuit 11, the amendment 
signal generation circuit 12, the digital-to-analog conversion circuit 13, and the digital-to- 
analog conversion circuit 14 - and It is that the adder circuit 3 and the adder circuit 4 
were omitted, the commonjnodeji^mLll and the rectangular input Ql were instead 
inputte d into the aipeiKifiienrci^^ the output of the amendment circuit 7 was 

inputted into the digitatto^alog^^onversion circuit 25 and the digital-to-analog 
conversion circuit 26. ~~ " 



[0046] Actuation of the linearity compensating network in the gestalt of operation of the 
3rd of this invention constituted as mentioned above is explained. The common mode 



error signal 13 and the rectangular error signal Q3 are I3=-(I1)/(GL+1), when a loop gain 
is set to GL. 



It comes out. I f the amendment table 2, 7 in the amendment circuit 7 is expressed with II 
and Ql according to the above-mentioned relation, operating like the gestalt of the 1st 
operation is possible. 

[0047] as mentioned above, with the gestalt of operation of the 3rd of this invention 
According to a common mode input and a rectangular input, a signal is amended for the 
route form compensating network of a KATE cyanogen feedback time. A common mode 
error signal and a rectangular error signal are computed by su btracting the local inpha se 
recovery signa l and local rectangular cross recovery signal which carried out analogue 
conversion^considered as the inphase^sigial and the rectangular si gnal, and carried out 
the local recovery of a part of transmitting output from an inphase signal and a 
rectangular signal, respectively. Since it considered as the configuration which amends 
d istortion by th e rec tangular coordinat es^of baseband , the increase of the phase margin of 
a loop formation and a frequency band improvable distorted are made large, and the thing 
of them can be carried out. 

[0048] (Gestalt of the 4th operation) The gestalt of operation of the 4th of this invention 
According to a common mode input and a rectangular input, a signal is amended in an 
amplitude include-angle error correction circuit. A common mode error signal and a 
rectangular error signal are computed by subtracting t he local in phase recovery signal and 
l ocal rectangular cross recovery si gnal which carried out analogue conversion, considered 
as the inphase signal and the rectangular signal, and carried out the local recovery of a 
part of transmitting output from an inphase signal and a rectangular signal, respectively. 
It is the route form compensating network of the KATE cyanogen feedback time which 
amends distortion by the rectangular coordinates of baseband. 

[0049] Drawing 14 is the block diagram showing the configuration of the linearity 
compensating circuit in the gestalt of operation of the 4th of this invention. In drawing 14 
R> 4, th e amplitude include-angle error correction circuit 28 is a circuit which applies to 
which and amends a multiplier to an input signal. The point that the gestalt of the 4th 
operation differs from the gestalt of the 3rd operation is that the amendment circuit 7 
turned into the amplitude include-angle error correction circuit 28. \ 



[0050] Drawing 15 is the block diagram of an amplitude include-angle error correction 
circuit. In the amendment circuit 7, an amplitude include-angle error correction circuit is 
not an ^ame ndment table , and makes the input of the multiplication circuit 15, the 
multiplication circuit 16, the multiplication circuit 17, and the multiplication circuit 18 a 
multiplier 1, a multiplier 2, a multiplier 3, and a multiplier 4. 



[OOSlLActuation of the linearity compensating network in the gestalt of operation of the 



"WroUnis invention constituted as mentioned above is explained. If a KATE cyanogen 
feedback circuit has th e^amplitude error an d angle error of the quadrature modulation 



Q3=-(Q1)/(GL+1) 





machine 7 or the rect angular demodu lator 8, it will produce an error at the amplitude o r 
an include angle also as the whole KATE cyanogen feedback. 



[0052] As for the amplitude and an angle error, image leak will worsen a lifting, 
consequently modulation precision. Here, the amplitude error of the whole KATE 
cyanogen feedback is set to dG, an angle error is set to dtheta, what changed the output 
signal to baseband is considered as the inphase output 15 and the rectangular output Q5, 
and gain of the whole loop formation is set to G. Relation between a common mode input 
II and the rectangular input Ql, and the inphase output 15 and the rectangular output Q5 
(15) =G-(l+dG 0) -(cos(dtheta) -sin (dtheta)) - (II) (Q5) ( 0 1) (sin(dtheta) cos (dtheta)) 
(Ql) It becomes. 

[0053] 

M=(l+dG 0) - (cos(dtheta) -sin (dtheta)) ( 0 1) (sin(dtheta) cos (dtheta)) ** ~ the time of 

IM=(IM1 IM2)=inv(M) 

♦ . fA/r (IMS IM4) 

carrying out - inverse matrix of M 

It carries out. Input/output relation of the circuit shown by drawing 14 when the 

multiplier in the amplitude include-angle error correction circuit of drawing 15 is set to 

multiplier 1=IM1, multiplier 2=IM2, multiplier 3=IM3, and multiplier 4=IM4, 
(I 5) = G • M • I nv(M) • (I 1) 

(Q5) (Ql) 

= G-(I1) ■ 
(Ql) 

.\ I 5=G • I 1, Q5=G • Ql 



It becomes. As mentioned above, an amplitude error and an angle error are amended by 
using an amplitude angle-correction circuit. 

[0054] Generally, the amplitude error of the quadrature modulation machine 7 and the 
rectangular demodulator 8 and an angle error can determine a multiplier 1, a multiplier 2, 
a multiplier 3, and a multiplier 4, if the ^uadrature modu lation jnachin e 7 and the 
rectangular demodulator 9 are decided for each the block of every, since it is fixed. 
Therefore, it can measure at the time of manufacture and a multiplier can be decided. 

[0055] as mentioned above, with the gestalt of operation of the 4th of this invention The 
route form compensating network of a KATE cyanogen feedback time in an am plitude 
jnslud g^angle error correction c ircuit According to a common mode input and a 
rectangular inpu t, amend and carry out analogue conversion of the signal, and it considers 
as an inphase signal and a rectangular signal. A common mode error signal and a 
rectangular error signal a re comput ed by subtracting the local inphase recovery signa l and 

j l ocal rectangular cross recov ery signal which carried outj hejocal recovery of a part of 
transmitting output from a n inphase signal and a rectangular si gnal, respectively. Since it 

| considered as the configuration which amends distortion by the rectangular coordinat es 
of baseband,^ the^ amplitude error and angle error of the whole KATE cyanogen feedback 



which are produced by the amplitude error and angle error of the quadrature modulation 
machine 7 or the rectangular demodulator 9 can be amended. 

[0056] 

[Effect of the Invention] So that clearly from the above explanation in this invention The 
linearity compensating network of the KATE cyanogen feedback circuit which amends 
distortion by the rectangular coordinates of baseband The local inphase recovery signal 14 
by which the local recovery was carried out And the analog-to-digital-conversion circuit 
10 and the analog-to-digital-conversion circuit 1 1 which change into a digital signal the 
common mode error signal 13 and the rectangular error signal Q3 which subtracted the 
local rectangular cross recovery signal Q4 from the inphase signal 12 and the rectangular 
signal Q2, respectively, The amendment signal generation circuit 12 which inputs the 
output, generates an amendment signal and is inputted into the digital-to-analog 
conversion circuit 13 and the digital-to-analog conversion circuit 14, The adder circuit 3 
which adds the common mode error signal 1 3 to the output of the digital-to-analog 
conversion circuit 13, Since it considered as the configuration equipped with the adder 
circuit 4 which adds the rectangular error signal Q3 t o the output of the digital-to-analog 
conversion circuit 14, a loop filter, a quadrature modulation machine, the high-frequency 
amplifier, and a rectangular demodulator It becomes possible to lower a loop gain and, 
thereby, the effectiveness that distortion improvement bandwidth is extensible is 
acquired. 

[0057] Moreover, when distortion improvement bandwidth and a loop gain are set 
constant, in addition to the distortion improvement for a loop gain, a distortion 
improvement improves b y adding a distortion amendment j ignal. The improvement of 
distortion by the property change by the noise of a transmitter, and temperature and 
supply voltage change etc. can also be made. 

[0058] Furthermore, there is no need for the distortion property improvement of the high- 
frequency amplifier itself, and the gain control of the high-frequency amplifier is not 
needed, either, but it is processing in the baseband section altogether, and since there is 
little required power and it ends, it can newly [ in order to perform linearity compensation 
] be used for linearity compensation of the small high-frequency amplifier of transmitted 
power. 
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Pout (Gprd (Pin) xPin) 
= Pout ( PinPrd (Pin) /PinXPin) 
= Pout (PinPrd (Pin) ) 
= PinXGpa 

A^Slg^Gprd (Pin) &£+tb. 

[ooii] z*m. »mmmm^tati^&mi,t. ae* 



* (PinPrd) tfltfflH^EBW*. £*l«r*HE**fc 
*>. A7Julffl£-d0 (PinPrd) rtfttGIRS-WiHtt 

( I' ) = (Gprd (Pin) 0 ) ( I ) 



(Q' ) ( 0 



Gprd (Pin) ) (Q) 



(I') = (cos(-d0)-sin(-d<9)) (I) 
(Q' ) (sin(.^d<9) cos(-d^)) (Q) 

« * COO 1 2 3 tXL^ifef^tfcto&fc. 
( I ' ) = (GprdXc os (-d<9) -GprdXs i n(-d0) ) ( I ) 
(Q' ) (GprdX s i n(-d<?) GprdX c o s (- d 6 ) ) (Q) 



[0013] HUTJJ I 1 . «£A*Q 1 Z£ ( 1 ) (£ 

%->xmE*i ztizx*). mwm&comA-sm; 

-t&ZbtfX'Zh. 

[00 143 010 teHIEES&OHJiJfcjjrr. HfflA^ 
I lJ:«£A;fjQU48a8l9. MKlMc^m 20 

2*5*14. imhtd&mnmmuzxj] 

Six. I lxi i+QixQi#atfj3*i*. *EE* 
14. A^»I<D2fltT*$>l> I lx I l+QlXQlfcft 
oTGprdx cos (- d d) b GprdX s i n(-d0)£r 

[00 1 5] fK*iiWr?fc*GprdXcos(-d<9) 
14. »*»15fc»JHIl«:A:&;S*u HffiA^J I 1*54 
tXlt£A7JQ 1 fc #tt£*>3*u J&JHS154 0 Gprdx 
cos (-d^) XI »JHfl84"JGprd 

xco s(-de)xQitf&j)Ziiz>. mjEmm^Th 30 

&G P rdXs i n(-d<9)(4. 8«ttl6fc&*ftl7ICX 
fl&fu PffiA^Jl l£4tf03SA^Qlfc8Ht£;b£ 
IX. &S2&164 9 GprdXs i n(- d 0)xQ 1 tfftjj 
$*f§174 0 Gprdx s i n (- d 0) x I l tfffi 

[00 1 63 »JH»15^ffl* k»JHI160flJ*l41niJH» 
23fcAA3*u JDJH»23*»^»4. 
Gprdx c o s (-dtf)x I 1 - Gprdx sin(-di9) 
XQl 

aWtiflSfl*. J§3tSSl70aj^fc&*^18^ai:M4;Mt 40 

»24fcA*S*u «&24^(4. 

GprdXs i n(-d(?)xl 1+GprdX c o s (- d d) 

XQl 

tfftjiztiz. VLbnamzx-jT* ( 1 ) 

b m l v tftfj*** Mi* 4 3 fcfc* . 
[0 0 1 73 H 9 {4. «£3lW)ia»«HS*^T'JoS7-»JT 

l>. WffiAAl lfclEWJjQltt, *§IEl2lSS7{cAtt*50 



- (1 ) 

*Mt. *JBi»i«»80S**fr^Tlt«C«ES*l. 
[00183 

[»%WBfcL4 3i:'tMSH] L-A^L. ±l2^)J;o^ 

[00 191 4fc. r'JfUb-yayMKii^T 
[00203 *»»4, iJEOHHfcUHfc't* tOT, 

m-zzb&mbtt. 

[002 11 

4fc4tf«««S^te*Q4*|EJffl»SI 2£>4tfl: 
£ff^Q 2 4*6 WUja L-C RffiftHtl* I 3£>4 
UHSI^Ift^Q 3 ?rflcaj-fl»««[llS8 1 fc4^S»@ 

ffltanft-f- 1 3 * sac-r s jo«g» 3 1 . r < : j?>v ■ 

mjjt+h b b uz-®ztt®Lxmmmztitzm 
mtzm^m&mwmm^ 1 4 axx/mm^mm 
^Q4iz&mtximmizittf}i-&mmm&9 1 * 
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Q3Srr-f iSf^m^z^mtZTi-ay ■ t< VtiV 

T1"ay ■ r < i?5)\s$&mmiii.TJ-T-r ■ r< 
itfijlVSmmitotiiJl iX-h LHlEfi-?££fi!c IXt 

tzffi&b Ltz. 

I o o 2 2 ] aco x o Kff j£; Ucz biz**)* ii-rm 

fc. fi«HHWWfcn^:rfH**-£fc Lfc*£lc 
J4. ;i^-7f!MWJ'OS*i8«t:jDt, 5»*liE«^*JD 

m*. m. ■ «SWEBSfcfc J: SftttSft^t J: S>M 
[0023] 

[0024] (mi <9HS£«»® ) #f& H Jl<7)gS 1 coUffi 

mcmms^tm ix<-x^> wwymx-m* 

[ 0 0 2 5 ] B 1 14, #3t&<?M 1 <0*JtO3WiC*S»t 
»»H«aiWt* I 4 LTPIffi SUHI^ I 3 fcffl 

-hthmxhh. gamut 214. mimQ.2frm 

(4. m3mm&Q3<n%mmmh7 4)V9X'h 
h^&mx'ht. mwmmii&sit. Esaasnwoatfj 

ami* 1 4 t^gpit3caiSfi#Q4 * au^-r^fsi«fi 

ft-f I 3fcT*^Mt#fc38*f*l3BT*4. 7+ 
• f'-f i^/PSSMIIBlHi. 13SftSat#Q3 *r 

<i>?)vm^z$mthmx'bh. m^m^m®, 
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8 

xfgnft-t q 3 frti-smmmfttomz-m^mm 

B13. 1414. «E«^4J<tlll»a]**T-ta^«^KSC 

[00263 02i4. MjEm-f^BBtfWJfcfcjKtT' 

0. y^ETJ>S. H2fc*J^T. mm®S§l9t4. EfflA 

10 * i l^n^n-iTf &EBT-&&. ®n.mMt. m 
<4. »inii»i9oaj*fcs»ii»2(W)a}^<o»stw-r 

40KT*S. *§IEff^£j£2l22l4, Jn»HlS&21cD£a7J 
T'J>I> I 1 kQlOSfl^JfrCfc* Uxl l+Ql 
XQl£ftoTGprdXc o s (- d d) - 1 tGprdX s 

5. 16. 17. 1814, MiEft^««l±J^t[5lfflA^ I 

1. m.x-KQicrMm'M.-thmm'hh. nmm 

3. 24(4. »JHHBl5i:160*aj*. fc«fcVJa»lHlS817 

[ o o 2 7 ] H3*jbivc . *?m»wM&wm-h. 

S»«]E*ES:Vprdi:-r*. V P rd(4. IflSlg^^tt^ 

mWZVnlZlzlb h £ t tc-t s . 
30 [ 0 0 2 8 ] 4-f . #S«EVna«0«0*££H*S . 

Vout2=Vout2 (Vin2) 

bth b , iWffiKfctflftfcG 1 1 LT 

Vout2 (Vin2) =GlXVin2+Vd 

Vin2=Verr+Vprd 

Vout (Verr+Vprd) =GlXVin2+Vd 

t^rs. vprmmmEmmm^itz^bmmcotii 

40 ^**aj^«fc 3 Cf htzHberMSMS-Xh 0 . JKHHttlA 

Vout (Verr+Vprd) =G 1 X Verr 

zti£ o . )v-Tmws.*-mz>b . 

Vin-G 1 XVerrXG2 = Verr 
Vout=Gl XVerr 
b%h. Ztim<b 
Vout=Gl/ ( 1+G1XG2) Vin 

50 *«EE«*Vd*SE*fcHiMlt4£i:*»T**. 
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[0029] mz. ^mEvntfox'^^m^ 
x\ nm^^m&ivmm%v>>bm^mi&mz 

fflV^ c &%Vn=0<DW&C7)m^Z. Ver 

r, Vprd, Vin2, Vout2, VoutT\ J^Vn*0<Oi§ 
£<9fI-*§-£. Verr' . Vprd' , Vin2' , Vout2' , 
Vout' Vmt. £tz. #fl^)^t#£> d Verr, d 
Vprd, <?Vin2, <9Vout2, dVoutt'lrt, 
Vprd' 

= Vprd (Verr' ) 

= Vprd (Verr +d Verr) 

= V P rd (Verr) + ( dVprd) / (d Verr) • dVerr 
iot, <?V P rd= (dVprd) / (<?Verr) * = d V P rd+ <? Verr 



(6) 00 1-57578 

1 0 

Verr* = Verr 4- d Verr 
Vprd*=V P rd+dVprd 
Vin2'=Vin2-r<?Vin2 
Vout2' = Vout2+ d Vout2 
Vout' =Vout+d Vout 

* [0030] ffliEfi-t4fi!cl£lSSO/jNfi-tAaj^#1t(±. 



• <?Verrfc&£. 

[00 3 1] Vin2=V P rd+Verr 
%<7)X\ 
<?Vin2 



= (<?V P rd) / (dVerr) • d Verr +<? Verr 
= ( (5 Vprd) / (d Verr) +1) - 5 Verr 



<9Vin2 



Vout2' 

= Vout2 ( Vin2' ) 
= Vout2 ( Vin2+-dVin2) 
= Vout2 ( Vin2) + ( <?Vout2) / ( <9Vin2) 
= Vout2 ( Vin2) -t-Gl ■ <9Vin2 
%<7)X\ 

dVout2=Gl ■ <?Vin2 

= G1 • ( (d Vprd) / (dVerr) +1) • d Verr 
ttch* *%CDX\ 
[0032] Vout=Vout2+ Vd + Vn * 
dVout 

= <?Vout2+Vn 

= G1 ■ ( (d Vprd) / ( d Verr) +1) 
t%&. ZZX\ ^«ffiVntj:l>. s^ft-tvd^ 
im+MZ'\^<. -fetztfofelX^Z. 
[00 33] Verr=Vin-G2 • Vout 
%COX\ 

dVerr=-G2 • dVout 

Vout=-Gl • G2 ( (dVprd) / ( <?Verr) + 
1 ) • dVerr+Vn 
X-oX. 

<9Vout=l/ (Gl ■ G2 ( (dVprd) / (dVer 40 
r) +1 ) ) ■ Vn 

Vprdli. ffiEfI-t^Tvh$< > 
(d Vprd) / (d Verr) = 0 

<9Vout=l / (Gl ■ G2) ■ Vn 

m*h&. i/(gi -G2)mt*&. 
[ o o 3 4 ] r y fa^i/a v tf^&xfo h tz&> a 

(I ') = (GprdXcos(-d#)-l 
(Q') (Gprdx s i n(-d#) 



6>Verr-hVn 

oiz. **^Tii. ju-ymmtsmmx-zz. 

[003 5] ZcDXodz. mfrtiLMzmtXli. 7Vt 

<-vrtv7iz£&m&m%>$kcomt%v). 
mw±. &&<mmitz£h^M$. t-y-yry- v< 

[0036] <«c % B 1 im^x , 1 conte 

comm^z^mmmmmmmz^xmmh . 

«Em#4*HIBl 2fcA**fi4. JilEfl-^fcJifclllB 
tt, I , Q. ttiJl* I ' . Q' fc . 

- Gprdx s i n(-d0) )(I) 
GprdXcos(-d#)-l )(Q) 
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I ' =(GprdXc o s (-dO)-l) X I3-Gprdx s i n 
(-d(9)XQ3 

Q'=GprdXs i n(-d<9)X 1 3+(GprdX cos (-d 
0)-l)XQ3 

l>. JD*IhIS&3{4. 1 3b I'tlrtWfiwr. flnSW 
3tf9fii:ftf4, GprdXc os(-d^)x I3-GprdXs i 
n(-d<?)XQ3i&3. 

[00 3 7] Jn*IHS&4(i. Q3tQ'2:ilD»tl)<OT\ 
SllS:[HlSS4^tiJ^(±. GprdXs i n(-d0)X I3+Gp 
rdXcos(-d6>)XQ3i3r.g>. ioT, Jn«S3i: 

[0038] tmm3. tmm4<7)inf}ii. >v-r 

7 4)V95. )l-T7 4)\>96, fcA*3*U WtSm 
Ztl&. )V- T7 4/1/? 5. ^-77^1/^611 ftf) 

ffi^ * 5 13c^PSI 7 (c A* § ixtt££f8 $ tub fi £ fi 
WI#Q4i: LTti}*$;h.l>. iWIfflftflWl 4, 

^tt3«sfffi^Q4(4, ®n.mi. mmmizx 

f^Hft-tl 3. iE3SiS^fi^Q3S-tiJ^f^. ELhOct 

[0039] ±M<nx. o £, *i6«<os( i <r>%mmm 

lEt hffi&b Ltz(T)X\ mkOTV fab-y 3 yt 

[0040] ( « 2 com&nmm > 2 ogft 

tf»BM4, Aam^fcSfflfflAflfcJtfitXAAfcr 



(7) &BB200 1-57 5 78 

1 2 

ibbUz. m\J)t$£tm&XJj£ftiXti]E{m- 

*£j$.LX7i-v?miz$mix. mmmm^tm 
mmm&x'bh. 

[004 1 ] 01 2ii, *%8\<?>&2<?8mrmmzi} 
vmffi$&m<7)mfiLZ7frt7'ay?mx'*)i. mi 

2fciSWC, T4 : J9)V- T^urmsmiS. 26(4, 

10 mxjj 1 1 tmzAJiQ 1 * *<i-wir-*-o/«^tc 
s»W4iii»-e*4. %2(r>mm<7)BmtK mcrmm 

mm lfcttsyjjQifc&o. T4 : J9iv-ri-uy 
m®mo. T4 ittiv ■ ri-vy^wmmw'-mz 

[0042] ±Mi<r>£ 0 iZffif&Ztlttmicom 2 <n% 

mmmizmmmnmmmftmwti. m 

iSHfl^I 3, iS53UHI^Q3{i. /P-7*iJf$£GL 

20 fc-rst 

I3 = - ( I 1)/{GL+1) 
Q3=- <Q1)/(GL+1) 

x-hh. mmuz^x. «E^4ft0»i24»<on 

IEft#£j££22* I 1 , Q 1 YfH«4\ H-A*«KH 
-<^«EfPr±j£[I18&12J: 0 tB^iSixl. . Ztifci. 

s. 

[0043] ±ta^«k 3 C, *HBBom 2 nmmcoBB 
30 ESSt, A*m#T*iPlfflA*feJ:Wi3£A*tr^o 

»LT, |S|ffli^lft-fi5J:lA'tt35i^llft^S-*ai-tl)i: 

^WEtims.t vtz<r>x\ }v-y<r>m%mm 
l. w&mmm%wm%mfo<-fiz\bX'Zi. 
40 [0044] (momm<mm) *&mnK3Wtik 
mmt. mAtmxxm^xMz^xm^mjE 

&ixmmmm^i$£xm$mm^z%iiiix. < 
-x^yvcomxmmxm^imiE-tm-T^ry ■ 
7 4 - w -y 9 mmm&mwkxh h . 

[ 0 0 4 5 ] 01 314, *«!*0»3<?«eStOJB«t:*i 
50 OHJfi^»®* { , »l<^«fc«»]Bi:JWrftjfttt. 
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mm\u rnm^^mn. r< ■ n-u? 

X~h I 1 . W3ZAJ}QlimiEm7lzAJ]ZtL. HIE 

[0046] hiox o \,zmmixtz*wj\<?>%i3vm 
m<nBmzmmffi§i*\sifoe>w>ftZffln-rz> . m 

bthb 

I3 = - (I 1)/(GL+1) 
Q3 = - (Ql ) / (GL+ 1 ) 

[0047] ±1B^J: *m&m3<r>£Mf0jm 

mximxxM^x^z^xm^miEi, 
7i-v7%®ixmm^ti£ism£mti. msta 
iw-uimmm itzm&mmmm^a xvmm 
mmmimmaxist3zmfrt>zti?ti®% 
Lxmmmm^hkm£wmm^it%&Lx. k- 

&<tlc\bX'*Z>. 

[0048] ( m 4 <?)m&<7)BB ) a ^mrn 
comma. mm&mm$iE®mx\ mttxjiaxvm 
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14 

* mmwrnmaxv^mMmmt mm^a 
xxfi^mfrktixztvmLxmmmtsxv 

msmx-hz. 

[00491Hl4tt, *%Bflcom4 oSSifetftfgffifcij 
(tS^^SMHIK^Ii^Sr^-ryn-y^llt'J)!). 01 

**!WtTiiiE-t6iii»"C*6. %A<mm<rmmtfi& 

10 3<0l0t«WJBklW:4jiBi» WE0R7 *««ifl«IR 

fflffiEBttacfc o fc £ t ?* * . . 

[ 0 0 5 0 ] 0 1 5 li , fiffiftl!«l&ttjE®H*>7a 7 

mx-ht. mmm&mmmmt. nm^miza 

HT. $ftQlftl5> 8W08S16, 

*BE«Ttt=Sr< - ffftl. fl»2, 
3. ffi»4i:U:fc«DT*S. 
[0051 ] ±M<r>X o fc»JS§*ifc*»f?I«>SS4«>£ 
ifc«3K!l|it:tJ»tsas»*l«BHW)»^*KW-r*. 

20 mm<7>nmmm*?ftjgMmtfb&t, *-T*/7> 

■ 7<-Y*>v7<kWbLXi>. &fl*fiftfcM£*& 
[0052] fit®. ftjfiftgtt. 'J-?*S 

Lfct<0tH«aj*I 5. i3*SMjQ 5 i:U ;P-7£ 
fcotfWfcGfc-f*. [ilffiATJl lfcctt>'B3cA*Ql 

t . Hffittj* 1 5 *j j tficsawj q 5 1 oiaonffiu. 



(I5) = G-(l+dG 0) • (cos(d<9) -si n(d(?)) ■ (I 1) 
(Q5) ( 0 1) (sin(d<9) cos(d#)) (Ql) 
£3:4. * *[0053] 

M=(l+dG O)-(cos(d0) -sin(d#)) 
( 0 1) (sin(d0) cos(dtf)) 
t L£ t § . M<r>wm\Z *«(£. A£f£M(i, ffl*<07n -y 

IM=(IM1 IM2)=inv(M) it3c^«7 . it£«fli3S9 tfifctMT , «Mkl . 

(IM3 IM4) 

1 = IM1, ^Jgt2=IM2, ffiSt3=IM3. «4 40 
= lM4bltzb%, mi AX'^Zti&mcOAiWim 



(I 5) = G • M • 1 nv(M) • (I 1) 
(Q5) (Ql) 
= G • (I 1) 
(Ql) 

/. I 5=G- I 1, Q5=G-Q1 

lei r>«Hft£. ft&WmmiLZixh . 
[0054] HRK. !3^Pfl7 , «35flli^8^fi*50 



«HR2. ffi»3. im4%WbiZbtfX'$Z. %cr>tz 
[0055] ±Mi<7)X o C *^BBOSS4 comUZCOBB 

4 - K/N'-y ^^*c7)Jg1§^||^JSi^|^fflEtl>i J: 
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1 5 



1 6 



[00 56] 

i/7> • 7<-\mv?m(ouBmmmz. mm. 
nuzmwrnm^i 3fciWcP,iifi^Q3£7M 

*iiEft-f±fiMi2fc . t 4 ft >v ■ n-uy^mm 
\w&nzmimm^ i 3 nmtt wmm t . 

Q3£Jnlttl>ilI«54£, )V-7V oV9t. E3C 

[ 0 0 5 7 3 ifc. S«S«f«WSi:/P-7TfW*S-S 
HUH*** flD* £ £ t tc «k 0 M*K##ft±-tl> . i*« 

[ o o 5 8 ] s fct, &Rwm&K<om&ffism 

Mzmzt,zm%m}iit'j?%<xmtstzib, mwnjjn 
>b*^mmmmmmfeizm^zzktfx'%2>. 

[Hi ] xmvmivmbmmiztsftmmmm 

[02 ] *ft!9]O£lO^0»BB£&tt*8^1g® 
BottBi^feJSBBWT-n «y ?HL 
[03 ] #?&B|!<7)iSJI£^-f 0, 



[04 ] mm>mif${&mT*>h*)-T ; s7> ■ y < 

[05] ij-r'yyy ■ 7 <-Y*-,?m<nwm.*7h 
m 

[06 3 a«wiiTO«)Aa*«ftt*jstH. 
[07 ] *ffl«««s^A{ij*a«ftt**ria, 

[08 ] HJ10«««OM^iE#1i&*-f 0, 

[09] ft*mjiM{iimx'*)&yvT<z}'->s3 

10 [01 0] mW7 , JT4Zh-i'-i>\Bimzt5W&n 
IEG]8&O7*n-y;?0, 

[0ii] ii-r^yy- ~7 4-Y)^,9<T)mm?m 
mi 2i *m?)m2cr>mmcommizmm&Mm 
[01 3] *wm%3<r)m&mmizmhwm>m 

[014] *^^4<OHi6<0»ffiK:t5ttSI8^HS 

20 [015] *^BB«m4<0HJS^®tfcttSIU^il« 
EHOjaiAflB^iE0«W)«jS*^t^a -y ?0T' 

[flF^uiBfl] 

1. 2 

3, 4, 21. 23, 24 JD3SH1S& 
5 , 6 7* • 7 4 )V9 

8 fffflKWISg 

30 io,ii riruy- T< : J9)\^mm 

12 ffljEft*£j&[ilK 

13, 14 , 25 . 26 T4 V-inV • T1-u7%fflm 
15, 16. 17. 18. 19. 20 

28 WmtUtit&KiEm 



[093 
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[01] 



13 



12 



If IE 



ii 



14-^— 




OIK 



WW' 



10^ 



03 



r 5 




r 1 










— ► 










— » 




7< JU* 
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[03] 



H#*iiESEE V i n 2 

V p r d | m%W£ 



I 



mmnE. Verr 



V i n 



mi 



Vo u t 2 



\ 



Vm o n 



-w* — 1 



G2 



[04] 




[053 



mm vd 

G 1 



Verr 



V i n 




Vout 
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[06] 



[07] 



m au*^: Pout 



tii out 



60 



RoLrt=GDaxpjn 





A*L/Kjb:Pin 

Pin =Pin( Pout) 



dO(Pin) 



0out= Gout (Pin) 
► 



Pin=Pout/GDa 




tU *L/^U: Pout 



Pout(Pin(x))=x 



[08] 



»IEA*U^U:PinPrd 



PinPrd(Pin) 
=Pin(Pout) 
=Pin(PinxGpa) 



Pin-Pout/Goa 




fflaUK^Pout 



A^L/^JbiPin 



Pout(PinPrd(Pln» 

= Pout( Pin< Pin x Gpa) ) 

=Pin x Gpa ( V Pout(Pin(x) ) =x) 
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[010] 
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[HI 2] 




113] 



ffi£ 

I5» 



^ 



as 



[014] 



•28 25 



Q1 



mm 
Am 
mm 



;u-7 



at* 

1EBU& 



nm 
mm 



>■ A 



b 



as 
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